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This investigation was conducted to measure the glomerular fil¬
tration rate (GFR) and urine output of one-kidney Goldblatt (1-kG) and
two-kidney Goldblatt (2-kG) renal ischemic Sprague-Dawley rats. Renal
ischemia was produced by partial constriction of the left renal artery
with a silver clip and removing the contralateral kidney (1-kG) or
leaving the contralateral kidney intact (2-kG).
Results showed that the 1-kG and 2-kG experimental rats GFRs and
urine output were less than their respective controls. Variations in
these results were produced as a result of internal factors of the ische¬
mic kidneys, mainly a decrease in the number of glomeruli, the total
surface area of glomerular membrane and the filtration pressure of glo¬
merular capillaries.
ACKNOWLEDGEMENTS
I wish to thank Dr. Roy Hunter, Jr. and the Atlanta University
Biology Department for providing me the opportunity to carry out this
project. Special acknowledgement goes to my research adviser.
Dr. Joseph B. Myers, for his guidance and assistance. Lastly, I wish






LIST OF FIGURES vi
Chapter
I. INTRODUCTION 1
II. REVIEW OF LITERATURE 3
III. MATERIALS AND METHODS 7
Materials 7
Methods of Procedure 7
Surgical Procedures 7






One-Kidney Goldblatt Experimental and
Control Rats 18
Two-Kidney Goldblatt Experimental and
Control Rats 21







1. A diagram of a mid-abdominal incision exposing
the bladder and prostate gland in an anesthe¬
tized rat 9
2. A. A diagram showing how the suture was tied
around the base of rat's bladder 11
B. A diagram showing a magnified view of the
suture used to by-pass the bladder 11
3. A. A diagram of a rat's penis pulled through
the opening of a 1 ml syringe capsule cut
2 cm in length and sewed to the under¬
lining abdominal skin 14
B. A magnified view of Fig. 3A showing how
the rat's penis was positioned in the
penal capsule and how the penal capsule
was sewed to the abdomen 14
4. A diagram of a rat in a restrainer showing
how the penal capsule was positioned in
urine collection vial 16
5. A graph showing the concentration of inulin
in the plasma of one-kidney Goldblatt con¬
trol and experimental rats during 2 hr of
clearance time 20
6. A graph showing the concentration of inulin
in the plasma of two-kidney Goldblatt con¬
trol and experimental rats during 2 hr of
clearance time 23
7. A graph showing the average volume of urine
(ml) collected from one-kidney Goldblatt
experimental and control rats during 2 hr
of clearance time 26
8. A graph showing the average volume of urine
(ml) collected from two-kidney Goldblatt





The rate at which fluid flows from the blood in Bowman's cap¬
sule (capsule that surrounds the glomerulus) is called the glomerular
filtration rate (GFR). The GFR may vary with the number of glomeruli,
the total surface area of the glomerular membranes, the filtration
pressure of glomerular capillaries and the rate at which blood flows
through the glomerular capillaries (1).
Substances used for measuring GFR must fulfill certain specifi¬
cations: (a) they must be amenable to precise quantitative determination
in plasma urine; (b) they must be completely filterable, and their mole¬
cular size must not be too large as to prevent their passage through the
glomerular membranes, and (c) they must be physiologically inert, so
when they are administered they will have no disturbing effect on the
body as a whole, on renal circulation or the excretion of other substances
by the tubules (2).
Inulin, a polysaccharide that fulfills all the preceding qualifi¬
cations, is one of the most important substances used for measuring GFR.
Some investigators consider inulin to be most suitable for measuring GFR
because it is a substance with the greatest molecular weight known so
far which is completely filtered through glomerular membranes (3). Others
believe that inulin is most suitable for GFR measurement because it is
an inert substance which mixes with the blood and body fluid without pen¬
etrating into the cells (4).
Goldblatt (5) was one of the first to study important quantita-
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tive features of hypertension caused by renal artery constriction. In
his research he utilized rabbits prepared with a silver clip on the left
renal artery while either the contralateral kidney was left in place
(two-kidney Goldblatt hypertensive model) or the contralateral kidney
was removed (one-kidney Goldblatt hypertensive model). The development
of hypertension in these models can be explained by reviewing the renin-
angiotensin system.
The reduction of GFR (due to renal artery constriction) causes
a reduced sodium concentration in the tubular fluid as it flows past the
mascula densa of the distal tubules. This low sodium concentration stimu¬
lates the release of renin from the granules of the juxtaglomerular (JG)
cells of the afferent arterioles. Renin is secreted from the JG cells
into the blood and then circulates throughout the body. In the blood
(specifically plasma) renin hydrolyzes antiogensinogen, a tetradecapep-
tide, to form angiotensin I (AI). As AI (a decapeptide) circulates, it
is converted to an octapeptide, angiotensin II (All), by a converting
enzyme found in the lungs. All is a very powerful vasoconstrictor which
causes generalized vasoconstriction of most resistance vessels.
The primary objective of this research is to measure the glomeru¬
lar filtration rate and urine output in two types of renal ischemic
Sprague-Dawley rats (1-kidney and Zrkidney Goldblatt modles).
It is hypothesized that the GFR and urine output of the one and




Of all substances used in the determination of glomerular filtra¬
tion rate (GFR), inulin is the most suitable. Hendrix et al. (6), West-
fall et al. (3), and Bunim et al. (7), consider inulin to be the most
suitable for the calculation of GFR because it is the substance with the
greatest molecular weight known so far which is completely filtered
through glomerular membranes. Jolliffe et al. (8) found that inulin
combines the ideal properties required in a substance used for the cal¬
culation of glomerular filtration. These investigators concluded that
the ideal compound should be measured in the plasma accurately and it
should be non-toxic, it should be completely filterable from the plasma
and it should not be secreted or reabsorbed by the renal tubules. Slyke
et al. (4) found that inulin is very suitable for measuring GFR because
it is inert and mixes with the blood and body fluid without penetrating
into the cells.
One should have a sensitive and exact quantitative test for the
estimation of inulin in plasma. In this research the thiourea-resorcinol
method was employed for determining the inulin in the plasma. This is a
spectrophotometric method based on the methods and modifications of
Somogyi (9), Roe (10), Steinitz (11), Hubbard et al. (12), Herz et al.
(13) and Roe et al. (14). The thiourea-resorcinol method employs the
use of zinc sulfate and sodium hydroxide to deproteinize and neutralize
the plasma filtrate. The inulin in the plasma filtrate is hydrolyzed by
hydrochloric acid to levulose, which is then treated with resorcinol in
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the presence of thiourea and acetic acid to develop a red color that's
read on the spectrophotometer.
Many researchers have contributed to glomerular filtration
studies in rats. Friedman et al. (15) were the first to publish their
work on GFR in 1942. They injected inulin subcutaneously into rats and
found it to be very satisfactory. Their data for normal rats showed an
average inulin clearance of 0.0027 cc/g body weight/min. Dicker et al.
(16) used inulin and their results ranged from 0.0035 to 0.1030
ml/100 g/min in normal rats. These data were higher than those reported
by Friedman et al. (15). Freidman et al. (17) used inulin injected
subcutaneously and drained each rat over a funnel to collect urine by
applying suprapubic pressure on the bladder. They reported mean GFR
values of 0.36 cc/min/100 cm^ of body surface.
Lippman (18) used inulin to measure GFR by subcutaneous injec¬
tion. In this study Lippman employed the "tailcutting" method to obtain
his initial blood samples from each rat. He obtained the final blood
sample, however, from the abdominal aorta. Lippman's GFR values ranged
from 0.759 to 1.25 cc/min/g kidney weight. Friedman et al. (19) also
found that creatine could be used to accurately measure GFR in rats. He
and his co-workers injected creatine into each rat by stomach intubation
and blood was obtained from the tails at the initial and final period.
Urine was obtained by depressing the bladder.
Goldblatt (20) was the first to study quantitative features of
hypertension caused by renal artery constriction. In his work dealing
with the effect of blood pressure of dogs with ischemia of the kidneys,
Goldblatt designed small clamps that could be placed on the renal artery
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to regulate the flow of blood to the kidneys. His results showed that
constriction of the renal arteries produced elevated systolic blood
pressure which persisted for as long as 15 months. His results also
showed that in a 1-kidney Goldblatt dog, in which one kidney was removed
and a constrictor placed on the renal artery of the remaining kidney,
systemic arterial pressure increases within minutes after surgery. The
early rise in arterial pressure in Goldblatt's hypertension was due to
the renin-angiotensin mechanism that was discussed in the introduction.
Bell et al. (21) explained the temporary increase of systolic
blood pressure which they observed in rabbits following the experimental
production of venous stasis in one kidney using the argument that:
when there is increased resistance in the renal circulation the blood
pressure must be increased in order to maintain the normal blood flow.
Rector et al. (22) , Wahl et al. (23), Landwehr et al. (24) and
Arrizurieta-Muchnik et al. (25) used ideas similar to Goldblatt's on
rats to study GFR and hypertension. Rector et al. (22) utilized a
ligature tied around the dorsal aorta above the renal artery to induce
constriction of the aorta. Their results showed that increased constric¬
tion of the ligature decreased the blood pressure and GFR.
Wahl et al. (23) used adjustable clamps to constrict the left
renal artery of rats and showed that increased renal artery constriction
decreased GFR, increased proximal tubular passage time and reduced urine
volumes.
Landwehr et al. (24) used silver adjustable clamps placed around
the renal artery to study GFR in rats and they showed that the GFR of
individual rats decreased on the average of 50% and this was accompanied
by drastic decreases in urine flow, urinary sodium concentration and
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sodium excretion.
Arrizurieta-Muchnik et al. (25) utilized adjustable metal clamps
placed around the left renal artery of rats to constrict their renal
arteries. They found that individual GFRs decreased by an average of
45% after partial clamping of the left renal artery and the rate of




Male Sprague-Dawley rats (Rattus rattus) used in this research
were purchased from Hiram Davies Inc., Stockbridge, Georgia. Rat holders
used for restraining the rats during urine collection were made by the
Atlanta University machine shop. A Harvary infusion/withdrawal pump
(Harvard Apparatus Inc., Millis, Maine) was used to infuse the inulin.
Chemicals used in this investigation were purchased from Sigma Chemical
Co., St. Louis, Mo. (inulin, zinc sulfate, sodium hydroxide, sodium
chloride, resorcinol, thiourea and hydrochloric acid).
Methods of Procedure
Surgical Procedures
Thirty-seven male rats (300-400 g) maintained on Purina rat chow
and tap water were divided into two control groups and two experimental
groups (1-kidney and 2-kidney Goldblatts). All rats were anesthetized
with sodium pentobarbital (Nembutal 30 mg/kg) injected intraperitoneally.
The external jugular vein (utilized for infusion) and the common carotid
artery (utilized for withdrawing blood) were catheter!zed with PE-50.
A mid-line incision was made along the linea alba (1.5-2.0 cm in length)
in the pubic region, exposing the bladder as shown in Fig. 1. A suture
was tied around the base of the bladder to allow direct passage of urine
from the kidneys through the ureters and urethra, by-passing the bladder
and out the penis as shown in Figs. 2 A and B. The exposed abdominal
cavity was then closed.
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Fig. 1. A diagram of a mid-abdominal incision exposing the bladder




Fig. 2A. A diagram showing how the suture was tied around the base
of rat's bladder.





For urine collection the fore-skin of each rat's penis was pulled
back to extend the penis externally. The penis was then pulled through
the opening of a 1 ml plastic syringe cut 2 cm in length. This 2 cm
syringe section will hence forth be referred to as the penal capsule
since it caused extension of the penis and since it was sewed to the
abdominal cavity, it provided stability of the penal organ during urine
collection (Figs. 3 A and B). After surgery 10 ml of water was injected
into each rat's stomach by gastric intubation in order to increase urine
output. Each rat was placed in a restrainer with the penal capsule ex¬
tending into a 10 ml plastic collection vial (Fig. 4).
After surgery the rats were allowed 90 min to recover from the
anesthesia. Three ml (35 mg/ml) of inulin warmed to body temperature
was then injected into each rat from a 3 ml syringe mounted on an in¬
fusion pump at a rate of 0.6 ml/min. Ten min was allowed for the inulin
solution to equilibrate in each rat's circulatory system. Then 1.0 ml
of blood was withdrawn from the common carotid artery of each rat and
centrifuged at about 1500 rpm for 5 min. The plasma collected after
centrifugation of the blood represented the initial plasma that was used
for inulin determinations.
Two hr was allowed for inulin to clear the plasma. At the
end of the first hr, 1.0 ml of blood was withdrawn from the common
carotid artery for the mid-point inulin plasma concentration and treated
in the same manner as the initial blood sample for inulin analysis. At
the end of the second hr a final 1 ml blood sample was withdrawn and
treated in the same manner as the initial blood sample. Total urine
volume was measured and recorded after 2 hr.
Fig. 3A. A diagram of a rat's penis pulled through the opening of a
1 ml syringe capsule cut 2 cm in length and sewed to the
underlining abdominal skin.
Fig. 3B. A magnified view of Fig. 3A showing how the rat's penis was
positioned in the penal capsule and how the penal capsule
was sewed to the abdomen.
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Fig. 4. A diagram of a rat in a restrainer showing how the penal







Plasma Inulin Clearance Measurements
An inulin standard curve was established by preparing known
concentrations of inulin and a reagent blank (distilled water). The
inulin samples were hydrolyzed by hydrochloric acid to levulose then
treated with resorcinol in the presence of thiourea and acetic acid to
develop a red color. The reagent blank was set at 100% transmission and
at a wave length of 520 nm (where maximum absorption was found to occur)
on the spectrophotometer. Each sample's % transmission was read on the
spectrophotometer and plotted against their known concentration on
semi-log paper.
One-Kidney Goldblatt Nephrectomized Model
Prior to the preceding surgical operation and clearance proce¬
dures nine Sprague Dawley rats were weighed and anesthetized for surgery
In these rats the right kidney was removed and a 0.25 mm silver clip was
placed around the left renal artery (near the dorsal aorta) to decrease
the flow of arterial blood to the kidney. Seven control rats for this
group were prepared by removing the right kidney and leaving the left
kidney intact without constricting the left renal artery.
Two-Kidney Goldblatt Nephrectomized Model
Nine Sprague-Dawley rats were weighed and anesthetized for surgery
In these rats the right kidney was left intact and a 0.25 mm silver clip
was placed around the left renal artery near the dorsal aorta in order
to decrease the flow of arterial blood to the kidney. Twelve rats with
both kidneys intact and with no renal artery constrictions were used as
controls for this group.
CHAPTER IV
RESULTS
One-Kidney Go1db1att Experimental and Control Rats
A significant increase in plasma inulin clearance was seen in
the one-kidney Goldblatt (1-kG) control rats as opposed to the 1-kG
experimental rats as shown in Fig. 5. The 1-kG experimental rats had
an average initial plasma inulin concentration of 118.56 mg/100 ml, a
midpoint inulin concentration of 88.72 mg/100 ml after 60 min of
clearance and a final plasma inulin concentration of 82.67 mg/100 ml
after 120 min. Thus the 1-kG experimental rats cleared a total of
35.89 mg/100 ml of inulin in 120 min or had a GFR of 0.30 mg/100 ml/min.
Eighty-three percent (29.84 mg/100 ml) of the total inulin cleared
(35.89 mg/100 ml) was removed during the first 60 min. This resulted
in a GFR of 0.50 mg/100 ml/min. Seventeen percent (6.05 mg/100 ml) of
the total inulin cleared was removed during the last 60 min. This
resulted in a GFR of 0.10 mg/100 ml/min.
Figure 5 also shows that the 1-kG control rats had an average
initial plasma inulin concentration of 91.14 mg/100 ml, a midpoint inu¬
lin concentration of 58.00 mg/100 ml after 60 min of clearance and a
final inulin concentration of 47.29 mg/100 ml after 120 min. Thus the
1-kG control rats cleared a total of 43.86 mg/100 ml of inulin in 120
min or had a GFR of 0.37 mg/100 ml/min. Seventy-six percent (33.14 mg/
100 ml) of the total inulin cleared (43.86 mg/100 ml) was removed during
the first 60 min. This resulted in a GFR of 0.55 mg/100 ml/min.
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Fig. 5. A graph showing the concentration of inulin in the plasma of
one-kidney Goldblatt control and experimental rats during 2 hr
of clearance time.
O One-kidney Goldblatt experimental rats






Twenty-four percent (10.71 mg/100 ml) of the total inulin cleared was
removed during the last 60 min. This resulted in a GFR of 0.18 mg/100 ml/
min.
Two-Kidney Goldblatt Experimental and Control Rats
The 2-kG control rats showed an increase in inulin clearance
when compared to the 2-kG experimental rats. The 2-kG experimental rats
had an average initial plasma inulin concentration of 89.33 mg/100 ml,
a midpoint inulin concentration of 49.78 mg/100 ml after 60 min of
clearance and a final plasma inulin concentration of 37.44 mg/100 ml
after 120 min clearance. Thus the 2-kG experimental rats cleared a
total of 51.89 mg/100 ml of inulin in 120 min or had a GFR of
.43 mg/100 ml/min. Seventy percent (39.55 mg/100 ml) of the total inulin
cleared was removed during the first 60 min. This resulted in a GFR of
of 0.66 mg/100 ml/min. Twenty-four percent (12.34 mg/100 ml) of the
total inulin cleared was removed during the last 60 min. This resulted
in a GFR of 0.21 mg/100 ml/min.
Figure 6 also shows that the average 2-kG control had an aver¬
age initial plasma inulin concentration of 75.33 mg/100 ml, a midpoint
inulin concentration of 28.79 mg/100 ml after 60 min clearance and a
final inulin concentration of 15.66 mg/100 ml after 120 min. The 2-kG
control rats cleared a total of 59.62 mg/100 ml of inulin in 120 min
or had a GFR of 0.50 mg/100 ml/min. Seventy-eight percent (46.54 mg/
100 ml) of the total inulin cleared was removed during the first 60 min.
This resulted in a GFR of 0.78 mg/100 ml/min. Twenty-two percent
(13.13 mg/100 ml) of the total inulin cleared was removed during the
last 60 min. This resulted in GFR of 0.22 mg/100 ml/min.
Fig. 6. A graph showing the concentration of inulin in the plasma
of two-kidney Goldblatt control and experimental rats during
2 hr of clearance time.
Q Two-kidney Goldblatt experimental rats
n Two-kidney Goldblatt control rats
--- Equilibration time





Urine Collected During Clearance Time
A significant increase in urine volume was seen in the 1-kG
control rats as shown in Fig. 7. The total average volume of urine
collected from the 1-kG experimental rats was 0.166 ml and the total
average volume of urine collected from the 1-kG control rats was 0.44 ml
during the 2 hr inulin clearance time. Thus the 1-kG experimental rats
produced only 38% of the volume of urine produced by the 1-kG control
rats.
An increase in urine volume was seen in the 2-kG control rats
as shown in Fig. 8. A total average volume of 0.75 ml of urine was
collected from the normal or 2-kG control rats and 0.60 ml of urine from
the 2-kG experimental rats. The 2-kG experimental rats produced 80%
of the total volume of urine produced by the 2-kG controls.
Fig. 7 A graph showing the average volume of urine (ml) collected
from one-kidney Goldblatt experimental and control rats
during 2 hr of clearance time.
n One-kidney Goldblatt control rats
^ One-kidney Goldblatt experimental rats
TOTALURINECOLLECTED (ml/2hrs) oo ••• —moi4k(N
Fig. 8. A graph showing the average volume of urine (ml) collected
from two-kidney Goldblatt experimental and control rats
during 2 hr clearance time.
y
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CHAPTER V
DISCUSSION
This study shows a 19% decrease in the GFR of the l-kG experi¬
mental rats (0.30 mg/100 ml/min) when compared with the GFR of the 1-kG
control (0.37 mg/100 ml/min) rats. A 14% decrease in the GFR of the
2-kG control or normal (0.50 mg/100 ml/min) rats was also observed.
The GFR of the 1-kG experimental rats was decreased by 40% and the GFR
of the 1-kG control rats was decreased by 26% when compared with the
GFR of the 2-kG control or normal rats. The volumes of urine collected
show that the 1-kG experimental rats produced 38% of the total volume
of urine produced by the l-kG control rats, while the 2-kG experimental
rats produced 80% of the total volume of urine produced by the 2-kG
control rats.
The GFR measurements received from this research shows that 3/4
of the total inulin cleared was removed from the plasma during the first
60 min of clearance time. This is because the inulin concentration in
the plasma was greater during the initial stage than during the final
stage. Moreover, the rat's body metabolism and blood pressure may have
been increased during the initial clearance period and decreased towards
the end.
Rector et al. (22), Wahl et al. (23), and Arrizurieta-Muchnik
et al. (25) used methods of clamping or restricting renal blood vessels




Rector et al. (22) reported that constricting the rats aorta
sufficiently to reduce femoral blood pressure by about 50 mm Hg
lowered the GFR by 20 to 54%. Wahl et al. (23) showed that increasing
renal arterial constriction decreased renal blood pressure, proximal
tubule reabsorption, urine volume and GFR. Landwehr et al. (24) showed
that increased renal arterial constriction in rats decreased the GFR
by as much as 50%, accompanied by a drastic decrease in urine flow.
Arrizurieta-Muchnik et al. (25) found that an individual rat's GFR
decreased by an average of 45% by partially clamping the left renal
artery and the rate of urine flow decreased on an average of 85%.
The initial effect of the removal of the right kidney and the
constriction of the renal artery of the remaining left kidney (1-kG)
is a reduction of renal arterial pressure. However, within minutes
the systemic arterial pressure rises rapidly for the first two hours
and returns to a slightly lower level during the next two days. This
decrease in arterial pressure is followed by a second persistent rise
in arterial pressure that reaches a stable peak and returns to the
normal arterial pressure (5).
The first or initial rise in arterial pressure in which this
research is concerned is caused by the renin-angiotensin mechanism.
In this mechanism a poor or reduced flow of blood through the kidney
(after renal arterial constriction) causes the release of renin by the
juxtaglomerular cells of the kidney into the blood. Renin is respon¬
sible for the formation of a powerful vasoconstrictor angiotensin II
as explained previously.
31
Internal and external factors play vital roles in determining or
measuring the GFR. Internally, the GFR may vary with the number of
glomeruli, the total surface area of the glomerular membrane, the glo¬
meruli filtration pressure and the rate at which blood flows through
the glomerular capillaries. Externally, the GFR may vary with the tem¬
perature, the type and quantity of anesthesia used, the kind of GFR
clearance substance used, the length of the clearance period, the surgi¬
cal procedures involved and the age and weight of laboratory animals
utilized. Thus the preceding internal and external factors did have an
effect on the GFR measurements obtained in this research.
The GFR is determined by the rate that fluids flow from the blood
into Bowman's capsule of nephrons. Thus variation in the GFRs and the
urine output of the two types of experimental renal ischemic rats from
their controls were produced by internal factors because all external
factors were constant. Thus the application of the silver clip to the
left renal artery and the removal of the right kidney (in the 1-kG experi¬
mental rats) produced a decrease in the number of glomeruli, the total
surface area of the glomerular membrane, the filtration pressure of
glomerular capillaries and the rate in which blood flowed through the
glomerular capillaries of the single kidney.
The application of the silver clip to the left renal artery (2-kG
experimental rats) reduced the filtration pressure and the rate that
blood flowed through the glomerular capillaries of the ischemic kidney.
The 2-kG controls with silver clips on their renal arteries did not
experience the preceding decreasing effects. This accounts for their
higher GFR and urine output. The urine output of all rats in this study
was directly proportionate to their GFRs.
CHAPTER VI
SUMMARY
This investigation was conducted to measure the glomerular fil¬
tration rate (GFR) and urine output of one-kidney Goldblatt (1-kG) and
two-kidney Goldblatt (2-kG) renal ischemic Sprague-Dawley experimental
and control rats weighing an average of 350 g. Renal ischemia was pro¬
duced by partial constriction of the left renal artery and removing the
contralateral kidney (1-kG) or leaving the contralateral kidney (2-kG)
intact.
To determine the GFR each rat was injected intravenously with
inulin and allowed 120 min inulin clearance time. The results of this
investigation are as follows:
1. The GFR of the 1-kG experimental (0.3 mg/100 ml/min) rats was 19%
less than the GFR of the 1-kG control (0.37 mg/100 ml/min) rats.
2. The GFR of the 2-kG experimental (0.43 mg/100 ml/min) rats was 14%
less than the GFR of the 2-kG control (0.50 mg/100 ml/min) rats.
3. The 1-kG experimental group total urine output (0.17 ml/2 hr) was
38% of the 1-kG control rats total urine output (0.44 ml/2 hr)_
4. The 2-kG experimental group total urine output (0.60 ml/2 hr) was
80% of the 2-kG control rats total urine output (0.75 ml/2 hr).
Variations of these results were produced as a result of internal factors
of the ischemic kidneys, mainly a decrease in the number of glomeruli,
the total surface area of glomerular membrane and the filtration pressure
of the glomerular capillaries.
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